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Our customers need:

ÅTo ensure safety during fuel transports and handling, in the interim storage, in lab and even in 
final repository.

ÅEarlier: conservative estimates good enough

ÅNow: realistic values requested

Types of calculations:

ÅSpent fuel composition, activity, residual heat, A2 value 

ÅCriticality analysis

ÅActivation products, corrosion products

ÅRadiation shielding

Background

SCALE ςORIGEN, TRITON

MCNP

Own codes

SCALE ςKENO VI

MCNP SCALE ςMONACO



1. New fuel design ςinfluence on the back-end of the fuel cycle, TRITON, ORIGEN (6.1)

2. Spent fuel in Sweden ςprognosis for the back end of the nuclear fuel cycle, ORIGEN(6.1)

3. Fuel transports ςvarious fuel types in various forms, ORIGEN(6.1, 6.2)

Example of recent projects and SCALE codes involved



The goal is to ensure safety during handling of the spent fuel assemblies

How does the new compare to the existing fuel types in terms of 

1. New BWR fuel design ςproblem description

Åactivity 

Ådecay heat 

Åneutron source term 

Ågamma source 

Ånuclide inventory



ÅGenerate Dancofffactors with MCDANCOFF(SCALE 6.1)

ÅPrepare set of cross sections for various water densities and enrichments with TRITON (SCALE 6.1)

ÅUse ORIGEN (SCALE 6.1) to get the result: activity, decay heat, neutron and gamma source terms

1. New BWR fuel design - solution

Bottom Middle Top



1. New BWR fuel design - solution

Activity, decay heat and gamma source term were similar to the results for older types of 
fuel, but there was a visible difference in the neutron source term between 100 and 10 
000 years. 

After some more calculations 
involving only existing SVEA 64 fuel, 
we identified some possible reason 
for the discrepancies.

Å NITAWL, CENTRM and CENTRM + 
v7-238 were used

SCALE 6.1. 
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2. Spent fuel in Sweden ςproblem description

The goal is to obtain realistic estimates. Swedish 

Project done in collaboration with Nuclear Fuel and Waste Management Co, SKB

For large number of BWR and PWR fuel assemblies with various designs, enrichments, burnups, 
irradiation histories

Åidentify factors that have the largest influence on the result

Åcalculate radioactivity, decay heat , neutron source term , gamma source, nuclide 
inventory     

Åestimate uncertainties in the results



2. Result ςwhich parameters have major influence?

BURNUP
POWER 
(especially last cycle)

ENRICHMENT

Χ ŜȄŀƳǇƭŜ ǊŀŘƛƻŀŎǘƛǾƛǘȅΣ ŀǾŜǊŀƎŜ ōǳǊƴǳǇ пр MWd/kgU,  power 3.5 MW/assembly 

Where are these 
uncertainties from in 
reality?
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2. Spent fuel in Sweden ςsolution

ÅAverage power per assembly, final burnup+/- 5% and historical data are used to generate 
possible power histories for ORIGEN calculation

ÅPower history that yields maximum and minimum is selected. Average is in between (no 
weighting for the actual number of assemblies that undergo these paths)
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In this example

Å 3.5 MW/assembly, 
Å 45 MWd/kgU



2. Spent fuel in Sweden ςsolution

ÅORIGEN inputs are created to calculate minimum, maximum and average. For various axial 
zones and water densities. For every requested combination of power and burnup.

ÅResults for axial zones are re-composed to create complete fuel assemblies. 

Å/ŀƭŎǳƭŀǘƛƻƴǎ ŦƻǊ ǾŀǊȅƛƴƎ ŜƴǊƛŎƘƳŜƴǘ ŀǊŜ ŘƻƴŜ ŀƴŘ ŀŘŘŜŘ ǘƻ ǘƘŜ ǊŜǎǳƭǘΦ 9ŀǊƭƛŜǊ άŎƻƴǎŜǊǾŀǘƛǾŜέ 
estimates may be exceeded.

ÅPlots and totals are produced.

ÅORIGEN Output files are mined for data to be stored in the database (in this project Access - not 
recommended!).



2. Result ςRadioactivity 

Result with uncertainty minimum and maximum. Uncertainty interval.

The large uncertainty up till 10 years after offload from reactor is due to the 
uncertainty in the irradiation history, most importantly the power the assembly 
experienced in the last cycle. Generally, the power in the last cycle can vary 
between 0.1 and 1.2x average power.

Χ ƛƴ ǘƘƛǎ ŜȄŀƳǇƭŜ ŀ ǊŜŀŎǘƻǊ ǿƛǘƘ ǇƻǿŜǊ пa²κŦǳŜƭ 
element. Average burnup: 45 MWd/kgU
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2. Result ςNeutron source term

Uncertainty is governed by uncertainty in burnup and enrichment. The uncertainty 
changes little with the decay time in comparison to the uncertainty in radioactivity, 
gamma source term and decay  heat. 

Result with uncertainty minimum and maximum. Uncertainty interval.
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ÅVarious fuel types from various types of reactors transported to and from our lab

ÅUndamaged, damaged, cut in pieces and re-encapsulated

ÅOften unknown irradiation history, but often long times since offload

ÅOften a conservative estimate is enough, but sometimes not

ÅWanted results: radioactivity, decay heat , nuclide inventory, A2 value 

ÅComparison to the values in the transport package certificate and compliance check for various 
ŦǳŜƭ ƭƻŀŘƛƴƎǎΣ ƻǇǘƛƳƛȊŀǘƛƻƴ ƻŦ ƭƻŀŘƛƴƎǎ όǎŜƴŘ ƳŀȄƛƳǳƳ ƘŜŀǾȅ ƳŜǘŀƭ Ƴŀǎǎ ǿƛǘƘƻǳǘ ŜȄŎŜŜŘƛƴƎΧύ

ÅSlightly different boundary conditions in each project, sometimes large number of units

ÅSQL database

3. Fuel transports ςproblem description



ÅConstants such as A2 are already in the database

ÅFuel data are entered into database 

ÅTransport specifications are entered into the database

ÅCompleteness check to identify values that need to be calculated is performed

ÅORIGEN (6.2) are created, calculated and mined for data 

ÅA2 values are calculated

ÅResults are written into the database 

3. Fuel transports ςsolution



ÅWhen the database is complete, combine the fuels according to the transport specifications that 
live in another table in SQL. Using constants such as A2 values from other tables.

ÅProduce tables for report with results  

ÅIf needed, activation products and crud can be calculated separately

3. Fuel transports ςsolution


